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. INTRODUCTION 
INTRODUCTION 
As a result of extensive researches for about sixty years, the aims and objects of fast 
developing inter-disciplinary area of metal organic chemistry or coordination 
chemistry has been emerging clearly. With the advent of crystal field and ligand field 
theories a greater understanding of the bonding and nature of these complexes is 
a\ ailable today. This has enabled utilization of various transition metal complexes in 
diversified fields, like medicine, agriculture and industry. The chemistry of 
coordination compounds, which is a central theme of inorganic chemistry, has grown 
up so rapidly that these compounds now include large portions of organic chemistry 
and some area of biochemistry. The concept of coordination chemistry was associated 
w ith complexation of a metal cations (Lewis acids) by a ligand (Lewis base). Earlier 
workers considered and studied the coordination compounds of only a few metals, 
e.g.. Pt. Co and Cr and coordination numbers of four and six. Most recent research on 
coordination compounds has been concerned with nearly all the metals of the periodic 
table with coordination numbers from two to twelve and in different oxidation states 
[K2]. 
Transition metal complexes are cationic, neutral or anionic species in which a 
transition metal is coordinated by ligands [3]. The chemistry of transition metal 
complexes has received considerable attention largely due to their potential biological 
activities such as antibacterial, antiviral, antifungal, antimalarial and antitumor 
activity [4]. A number of nitrogen donor macrocyclic derivatives have long been used 
in analytical, industrial and medical applications [5]. Macrocyclic compounds and 
their derivatives are interesting ligand system because they are good hosts for metal 
anions, neutral molecules and organic cation guests [6]. 
Nature chooses metal-ion macrocyclic ligand systems for use in several important 
biological systems that include chlorophyll, haemoglobin and vitamin B-12. In such 
species the metal ion is held firmly in the macrocyclic cavity such that the biological 
role of these species is not impaired by, for example, competing demetallation 
reactions. Such stability is typical of many synthetic macrocyclic complexes which 
also often show enhanced resistance to degradation, high thermal stabilities and 
inertness to acids and alkalis when compared with their metal-containing open-chain 
analogues. Over the past half century, there has been a remarkable growth in synthetic 
macrocyclic chemistry, in part associated with mimicking the unusual spectral, redox, 
kinetic and/or thermodynamic behavior commonly displayed by Nature's macrocycles 
but also for the development of new macrocyclic systems for use in medicine, metal-
ion discrimination, metal-ion catalysis, organic syntheses and analytical processes [7]. 
As more advanced chelator design is achieved and the molecular properties can be 
more accurately predicted, macrocyclic chelators are being used to study and exploit 
unusual properties of metal centres in sterically and spatially controlled environments. 
N-donor macrocycles remain the main area of research due to the greater breadth of 
chemical modifications that are possible. As in the previous few years sections are 
included on luminescent compounds and medical imaging applications that include 
many significant recent advances [8]. 
The chemists all over the world are busy in exploring the coordination chemistry of 
macrocycles, porphyrins and related systems so as to mimic them for their benefits. 
This has led to the development of a new field of coordinafion chemistry, known as 
macrocyclic chemistry. A macrocycle is as defined by lUPAC, "A cyclic 
macromolecule." Generally, however, when speaking of a macrocycle, coordination 
chemists define macrocycle as a cyclic compound having nine or more hetero-atomic 
members, and with three or more ligating groups [9, 10]. Macrocyclic compounds 
display unique and exciting chemistry because they offer a wide variety of donor 
atoms, ionic charges, coordination numbers and geometries of the resultant complexes 
111 J. It would not be an exaggeration to state that macrocyclic ligand lie at the centre 
of life, particularly with regard to the role of such systems in understanding and 
explaining the mechanism of photosynthesis [12], transport of oxygen in mammalian 
and other respiratory systems and in the potency towards DNA binders with a high 
potential in anti-tumor therapy [13], as sensitizer for photodynamic therapy (PDT) 
[14] in cancers, as therapeutic reagents [15], as efficient contrast agents for magnetic 
resonance imaging (MRl) [16]. The macrocycycles have also been used for the 
treatment of AIDS [9]. Apart from the biological implications, macrocyclic chemistry 
plays a dynamic role in the other fields, where a novel macrocyclic ligand acts as a 
model to study magnetic exchange phenomenon [17], in chelate therapy for the 
treatment of metal ion toxicafion, as synthetic ionophores [18], as novel antibiotics 
that owe their antibiotic action to specific metal complexation [19], stem cell 
mobilization [9], to study the host-gust interactions and in catalysis [20], as metal 
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extractants [21]. and as luminescent probes. Macrocyclic molecules can also function 
as receptors for substrates of widely differering physical and chemical properties, 
which can be drastically altered upon complexation. 
Several classes of macrocyclic ligands have been synthesized with varying 
combination of aza (N), oxa (O), sulpha (S) and phospha (P) donor atoms. Interaction 
between the macrocyclic ligand and the substrates can be fme-tuned by the 
appropriate selection of the binding site, and over all ligand topology such as nature 
of the donor atoms, the donor set, the donor array, the ligand substitution and the 
nature of the ligand backbone. Other factors considered are as electronic effects, 
structural effects, conformation, shaping groups, and cavity size. In these factors the 
structural effects are very crucial for selective complexation of a substrate by a 
macrocyclic ligand. Hence, in general the number of binding sites should be at least 
equal to the coordination number of the cation. In general saturated chains provide 
greater flexibility and the total macrocyclic ring size increased. However, unsaturation 
results in the steric constraints on the molecule which is responsible for minimum 
tlexibility. The number of donor atoms in the macrocycle and the imposed degree of 
rigidity influence the nature of the cavity. While a rigid framework resuhs in a 
preformed cavity. Flexibility allows latent cavity formation. 
The extensive series of macrocyclic ligands have been classified as saturated 
polyazamacrocycles (Figure 1) [22], polyethermacrocycles (Figure 2) [23]. 
polyazathiamacrocycles (Figure 3) [24], polyoxathiamacrocycles (Figure 4) [25]. 
mixed donor atom macrocycles (Figure 5) [26], polyphosphamacrocycles (Figure 6) 
[27], polythiamacrocycles (Figure 7) [28]. The first documented macrocycle 
possessing a pyrrole sub-heterocyclic ring (Figure 8) [29], resembling the porphyrins 
was synthesized in 1886 by Baeyer via the condensation of pyrrole and acetone in the 
presence of mineral acid. The first macrocyclic compound prepared from a diacid was 
dimeric ethylene succinate (Figure 9) [30], reported by Vorlander in 1894. 
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Macrocyclic ligands are far more stable as compared to their open chain analogues as 
they have stereochemical constraints associated with their cyclic nature, which may 
influence their potential for metal ion recognition [31]. The enhanced stability of 
metal complexes of macrocyclic ligands over other polydentate ligands is attributed to 
various structural effects, are described as various divisions, (I - III). 
(I). Chelate effect: The linking of two donor atoms together with the metal ion 
results in chelate. Such a linkage results in a large increase in the binding constants 
with metal ion as compared to the separate donor groups. This increased inertness is 
called as chelate effect, which is largely entropic in origin. 
(II). Macrocyclic effect: The enhancement of the formation constants relative to the 
\'alues for the thermodynamically most favored, structurally analogous, but non cyclic 
amine has been termed a macrocyclic effect by analogy with the chelate effect. 
(III). Crj'ptate effect: Addition of a second ring to a macrocycle resulting in a 
macrobicyclic ligand, further enhances the stability of its metal complexes. As for the 
change observed in transition from chelate to macrocyclic effect, the cryptate effect is 
often e\en higher than would be expected for simple addition of a second fused 
macrocycle. 
The above effects which have been found to give stable complexes arise from the 
structural factors, viz., size, shape or geometry, connectedness or topology and 
rigidity of the macrocycle. Figure 10, displays the general observation that the affinity 
between the ligands of a particular kind, e.g., amines for a given metal increases with 
the increasing topological constraint [32]. The topological constraint is in the order, 
simple coordination < chelation < macrocyclic effect < cryptate effect. 
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Figure JO. Topology and the Chelate, Macrocyclic and Cryptate Effect. 
The macrocyclic effect says that a macrocyclic ligand complex is more stable than its 
open chain analogue. The magnitude of macrocyclic effect depends on the interplay 
of both enthalpy and entropy and so depend on the both ligand and the metal centre. 
In the case of Ni^ "" the macrocyclic effect is driven by the enthalpy, whereas in the 
Cir"" case, it is entropy driven which is demonstrated in Figure 11. 
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Figure 11. Thermodynamic considerations show that the effect depends on both 
enthalpy and entropy. 
The synthesis of macrocycles is an art in itself. There are four main approaches to 
prepare such macrocyclic ligand systems: 
1. Conventional organic synthesis. 
2. Metal ion promoted reactions, involving condensation of non-cyclic 
components in the presence of suitable metal ion (Template effect). 
3. Modification of a compound prepared by methods 1 and 2. 
4. High dilution technique. 
The synthesis of the free macrocycles has certain advantages in many cases. The 
purification of the organic product may be more readily accomplished than 
purification of its complexes, and further the characterization by physical techniques 
becomes easier. 
A variety of crown ethers and mixed oxathia crown have been prepared mainly by the 
direct synthesis (Scheme 1 and 2) [33, 34]. 
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Polyazathia macrocycles have been synthesized by reacting an appropriate polythiane 
with a dibromoalkane. The reaction may be sometimes aided by metal template 
(Scheme- 3) [35]. 
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Many mono and binuclear azamacrocyclic complexes have been synthesized [36, 37], 
b}' the template condensation reaction (Scheme 4 and 5). 
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Where M = Co(II), Ni(II), Cu(II) and Zn(II) 
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The coordination chemistry of polyaza, polythia and mixed azathia macrocyclic 
hgands has attracted much attention in recent time. These macrocycles show the 
remarkable ability to form stable and inert complexes with a wide range of d- and p-
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block metals, in many cases forcing the metal centere to adopt unusual coordination 
geometries or oxidation state [38], Transition metal-tin heterodimetaliic complexes 
were among the first metal-metal bonded compounds to be studied in detail [39], and 
since the pioneering work of the 1960's a great number of such complexes have been 
synthesized and characterized [40]. Apart from the fundamental aspect of bonding 
between transition metals and main group metals, the fact that the formation and 
transformation of transition metal-main group metal bonds are crucial steps in a 
variety of catalytic processes as well as semiconductor growth has created a great deal 
of interest [41, 42]. The presence of sulfur donor as a part of macrocycUc ligand has 
been shown to stabilize low valent metal complexes as well as to have a marked 
infiuence on the coordination geometry at the metal center. A ligand incorporating 
sulfur donors shows a preference to bind a transition metal rather than an alkali or 
alkaline earth metal ion due to the soft nature of sulfur atoms [43]. 
Recently there has been quickening interest in them due in part to the recognition of 
coordinated methionine sulfur [44], in "blue" copper proteins and in part to an 
enhanced awareness of applications for sulfur compounds in a variety of technologies 
and medicine [45]. Crown thioethers have seen extensive use as bioinorganic model 
SNStems, binucleating ligands, chelators for specific metal ion, and phase transfer 
catah sts. For these purpose they have several advantages. They permit control of the 
coordination environment (donor atoms) and, in principle, the stereochemistry at a 
metal ion [46]. 
Macrocyclic tetrathioether complexes of copper(II) even those with undistorted 
tetragonal coordination geometry about the copper atom [28], show the same unusual 
spectroscopic [47] and electrochemical properties [48] as the blue copper proteins, 
such as plastocyanin [49], stellacyanin [50], and rusticyanine [51], etc. Coordination 
of all four sulfur atoms of a macrocyclic tetrathioether such as 1, 4, 8, 11-tetra 
thiacyclotetradecane by a single metal atom requires a change in conformation of the 
ligand [52]. An important aspect of the chemistry of these ligands pertains to the 
preference of the free ligand for exodentate conformations in which the sulfur atom 
lone pairs are directed outwards (Figure 12) [43]. 
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Figure 12 
Rosen and Busch [53] synthesized Nickel (II) complexes of some tetradentate 
thioethers as the exclusive donors. These new materials include the first low-spin 
nickel (11) complexes having four thioethers as the donors, and a number of tetragonal 
complexes formed from one of these low-spin complexes by coordination of various 
axial ligand (Schem 6). 
S S. 
^SH US' 
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2Na* 
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S^ S' 
\ / 
Scheme 6 
Recently, some functionalized polyazamacrocyclic compounds bearing one, two or 
four substituted pendant arms have been reported which often involved elaborate 
multi-step syntheses. Recently, a group of researchers have reported [54], the 
synthesis of hexaazamacrocyclic complexes bearing pendant arm (Figure 13). 
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M = CoiH), Ni(n). Cu(n) imd Znfn) 
X = aorN03 
Figure 13 
Prompted by the initial success of platinum chemotherapeutic 
metallopharmaceuticals, attention was first shifted to non-platinum chemotherapeutics 
starting from the basic cisplatin framework, with the aim to optimize the efficiency of 
such drugs and to avoid serious side-effects caused by platinum chemotherapeutics. 
Among these, organotins have emerged as potential biologically active 
metallopharmaceuticals [55]. During the 1980s and later, Gielen published a series of 
papers on the subject [56], the anti-tumor properties of tin complexes having been 
established in 1929 [57]. Since then, more research groups have worked in the field 
[58-65]. It has well been established that organotin(IV) compounds are very 
important in cancer chemotherapy because of their apoptotic inducing character [66-
68], while during the last few year it is noticeable that organotin compounds occupy 
an important place in cancer chemotherapy reports [66]. Recently, Blower described 
thirty interesting inorganic pharmaceuticals, four of which are tin compounds [69]. 
Despite this, the exact mechanism of anti-tumor action of organotin compounds 
remains unknown. Due to medicinal importance of organotin compounds a large 
number of bimetallic organotin(IV) transition metal complexes have been synthesized 
in last few years. Recently Sartaj Tabasum and co-workers [70] have reported the nev\ 
heterobimetallic Cu(II)—Sn2(IV)/Ni(II)—SniCIV) complexes, in vitro DNA binding, 
cleavage and cytotoxicity against human cancer cell lines. 
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The brief introduction comprehends the research work carried out by some of the well 
known scientists in the field of coordination chemistry mainly macrocyclic chemistry. 
MacrocNclic chemistry still forms the basis of more extensive exploration and 
research for their multi-dimensional utilities in the knowledge of the subject as well as 
in the wide range of applications. In view of the continued interest in the field of the 
macrocyclic chemistry, it was thought worthwhile to synthesize and characterize new 
macrocyclic complexes of transition metal ions and also main group metal ions. 
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2. INSRUMENTAL 
METHODS 
INSTRUMENTAL METHODS 
There are several physico-chemical methods available for the study of coordination 
compounds and a brief discussion of the techniques used in the investigation of the 
newly synthesized Schiff base complexes described in the present work are given 
below: 
1. INFRARED SPECTROSCOPY 
2. NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
3. ULTRAVIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
4. MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
5. MASS SPECTROMETRY 
6. X-RAY POWDER DIFFRACTION (XRD) ANALYSIS 
7. MOLAR CONDUCTANCE MEASUREMENTS 
8. ELEMENTAL ANALYSIS 
9. TGA/DTA ANALYSIS 
1. INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample, some of the frequencies are absorbed 
while other frequencies are transmitted through the sample without being absorbed. 
The plot of the percent absorbance or percent transmittance against frequency, the 
result is an infrared spectrum. 
The term "infrared" covers the range of the electromagnetic spectrum between 0.78 
and 1000|am. In the infrared spectroscopy, wavelength is measured in 
"wavenumbers", which has unit as cm''. 
Wave number = 1/ wavelength in centimeters 
It is useful to divide the infrared region in to three regions; near, mid and far infrared. 
Region Wave Length Range (^m) Wave Number Range (cm ') 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-10 
Theory of Infrared Absorption 
The IR radiation dose not have enough energy to induce electronic transitions but 
has enough energy to induce vibrational and rotational transitions having small 
energy difference between vibrational and rotational states in the molecule. 
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For a molecule to absorbed IR radiations, the vibrations or rotations witliin a molecule 
must cause a net change in the dipole moment of the molecule. The alternating 
electrical field of the radiation (electromagnetic radiation consists of an oscillating 
electrical field and an oscillating magnetic field, perpendicular to each other) interacts 
with fluctuation in the dipole moment of the molecule. If the frequency of the 
radiation matches the vibrational frequency of the molecule then radiation will be 
absorbed, causing the change in the amplitude of molecular vibration. In the 
absorption of the radiation, only the transition for which change in the vibrational 
energy level is AV = 1 can occur, since most of the transition will occur from stable 
V(i to V| the frequency corresponding to its energy is called the fundamental 
frequenc}'. 
The group frequencies of certain groups characterize the group irrespective of the 
molecule in which these groups are attached. The absence of any band in the 
predicted region for the group indicates the absence of that particular group in the 
molecule. 
Molecular rotation 
Rotational levels are quantized, and absorption of IR by gases yields line spectra. 
However, in solids, these lines broaden in to a continuum due to molecular 
collisions and other interactions. 
Molecular vibrations 
The position of atoms in a molecule is not fixed; they are subject to a number 
of different vibrations. Vibrations fall in to the two main categories of stretching and 
bending. 
Stretching:- Change in inter-atomic distance along bond axis 
1. Symmetric 
2. Asymmetric 
Bending:- Change in angle between two bands. There are four types of bend. 
1. Rocking 
2. Scissoring 
3. Wagging 
4. Twisting 
Vibrational coupling:-
In addition to the vibrations mentioned above, interaction between vibrations 
can occure (coupling) if the vibrating bonds are joined to a single, central atom. 
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Vibrational coupling is influenced by a number of factors viz., strong coupling of 
stretching \ ibrations occurs when there is a common atom between the two 
vibrating bonds, coupling of bending vibrations occurs when there is a common 
bond between vibrating groups, coupling between a stretching vibration and a 
bending vibration occurs if the stretching bond is one side of an angle varied by 
bending vibration, coupling is greatest when the coupled groups have 
approximately equal energies, no coupling is seen between groups separated by 
two or more bonds. 
Important Group Frequencies ii\ the IR Spectra Pertii\ent to the Discussion 
of the Newly Synthesized Compounds, 
(a) N-H Stretching Frequency 
The N-H stretching vibrations occur in the region 3300-3500 cm"' in the dilute 
solution [71]. The N-H stretching band shifts to lower value in the solid state due to 
the extensive hydrogen bonding. Primary amines as dilute solutions in non polar 
solvents give two absorptions i.e., symmetric stretch and asymmetric stretch mode 
found near 3400 and 3500 cm" , respectively. Secondary amines show only a single 
N-H stretching band in dilute solutions. The intensity and frequency of N-H stretching 
vibrations of secondary amines are very sensitive to structural changes e.g., it appears 
as low intensity band in the range 3310-3350 cm"' in aliphatic while as strong 
intensity band at 3490 cm"' in heterocyclic secondary amines such as pyrazole and 
imidazole. 
(b) C-N Stretching Frequency 
The C-N stretching absorption occurs as strong bands in the region 1250-1350 cm"' in 
all the amines [71, 72]. In primary aromatic amines it shows one band in the region 
1250-1350 cm" but in secondry amines two bands have been found in the regions 
1280-1350 cm"' and 1230-1280 cm"'. 
(c) C=N Stretching Frequency 
Schiff base (RCH=NR, imines), oximes, thiazole, iminocarbonates etc. show the C=N 
stretching frequency in the 1471-1689 cm"' regions [71, 72]. Although the intensity of 
the C=N stretch is variable but it is usually more intense than C=C stretch. 
(d) N-N Stretching Frequency 
A strong band appearing in the region around 1000 cm"^  may reasonably be assigned 
[73] to v{N-N) vibrations. 
17 
(e) M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it provides direct 
information regarding the metal nitrogen coordinate bond. Different amine complexes 
exhibited [72] the metal-nitrogen frequencies in the 300-460 cm'' region. 
(f) M-X Stretching Frequency 
Metal-halogen stretching bands appear [72] in the region of 500-750 cm'' for M-
F, 200-400 cm''for M-Cl, 200-300 cm'' for M-Br and 100-200 cm''for M-I. 
(g) M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported [72] to appear in different 
region for different metal complexes. The M-0 stretching frequency has been 
reported to appear in different region for different metal complexes. The M-0 
stretching frequency of nitrato complexes lie in the range 250-350 cm"'. 
2. NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
Nuclear magnetic resonance (or NMR) is concerned with the magnetic 
properties of certain nuclei e.g. 'H , ''^C etc. The nuclei for which spin quantum 
number, 1 > 0 exhibits the NMR phenomenon where I is associated with the 
mass number and atomic number of the nuclei as shown below: 
MASS NUMBER ATOMIC NUMBER SPIN QUANTUM NUMBER 
Odd Odd or Even 1/2,3/2,5/2 
Even Even 0 
Even Odd 1,2,3 
Since atomic nuclei are associated with charge, a spinning nucleus generates 
a small electric current and has a finite magnetic field associated with it. 
When a spinning nucleus is placed in a magnetic field, the nuclear magnet 
experiences a torque which tend to align it with the external field. The number 
oi~ possible orientations for a magnetic nucleus under the influence of an 
external magnetic field as given by (21+ I) so that for nuclei with spin '/2 
( 'H, ' ' C , ''^F etc.) only two orientafions are allowed, parallel to the field (low 
energy) and against the field (high energy). If the precessing nuclei are 
irradiated with a beam of radiofrequency energy of the correct frequency, the 
low energy nuclei may absorb this energy and move to a higher energy state. 
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The precessing nuclei will only absorb energy from the radiofrequency source 
if the precessing frequency is the same as the frequency of the radiofrequency 
beam, the nucleus and the radiofrequency beam are said to be in resonance, 
hence the term nuclear magnetic resonance . 
The Precessional frequency, u is directly proportional to the strength of the external 
field. Bo, i.e. 
D a Bo 
This is the most important relationships in NMR spectroscopy. 
A proton exposed to an external magnetic force 1.4 T (14,000 guass) will precess = 60 
million times per second, so that v = 60 MHz. The precessional frequency of all 
protons in same external applied field is not, however, the same, and the precise 
value for any proton depends on a number of factors such as electronegativity of 
the attached groups, van der waals desheilding and anisotropic effects explained 
by Packard in 1951, who detected three different values for the precessional 
frequencies of the protons in ethanol (CH3, CH2, OH) since then NMR has become 
an important tool for the chemist. As the shift in frequency depends on chemical 
environment, the terms chemical shift was coined. Chemical shift positions are 
normally expressed in § (delta units) which are defined as proportional differences in 
parts per million (ppm) from an appropriate refemce standard (TMS in the case of 
proton and carbon-13 NMR). Since the 6 unit is proportionality, it is a dimensionless 
number, it is independent of field strength. 
There are two types of NMR spectrometers:-
(I) Continuous wave (CW) 
(II) Pulsed or Fourier transform (FT-NMR) 
These instruments use very powerful magnets and irradiate the sample with 
electromagnetic radiation in the radio frequency region. 
NMR spectra can be recorded by either holding the magnetic field constant or 
by keeping the radiofrequency constant and varying the magnetic field. 
Carbon-13 has a nuclear spin (1=1/2) and makes up 1.1% of naturally occurring 
carbon to make carbon nuclear magnetic resonance spectroscopy ('"'C NMR) a useful 
technique. Since carbon is the element central to organic chemistry, '-^ C NMR plays 
an important role in determining the structure of unknown organic molecules and the 
study of organic reactions. In particular, the ''^ C spectrum of an organic compound 
provides information concerning: 
•> Tiie number of different types of carbon atoms present in the molecule 
••• The electronic environment of different type of carbons 
<• The number of neighbors a carbon has (splitting) 
The major difference between '^ C NMR and ' H N M R spectra are: 
•> No integration of carbon spectra 
<• Wide range (0-200 ppm) of resonance for common carbon atoms (typical range of 
protons NMR is between 1-10 ppm). 
'C chemical shifts span slightly over 200 ppm in contrast to the typical 8 to 9 ppm 
range in the 'H NMR, thus considerably more structural information is generally 
available from '^C NMR chemical shift data. Another very important difference 
between 'H and ''C NMR spectroscopy is that diamagnetic effects are dominant in 
the shielding of hydrogen nucleus, whereas paramagnetic effects are dominant 
contributors to the shielding of the '^C nucleus. 
3. ULTRAVIOLET AND VISIBLE SPECTROSCOPY 
When a molecule absorbs ultraviolet/visible light of a particular energy , we 
assume as a first approximation that only one electron is promoted to a higher 
energy le\ el and that all other electrons are unaffected. The excited state thus 
produced is formed in a very short time (of the order of 10" ^ s) and a 
consequence is that during electronic excitation the atoms of the molecule do 
not move( the Franck Condon Principle). 
The most probable AE transition would appear to involve the promotion of one 
electron from the highest occupied molecular orbital to the lowest available 
unfilled orbital, but in many cases several transitions can be obererved, giving 
several absorption bands in spectrum. Not all transhions from filled to unfilled 
orbitals are allowed, the symmetry relationship between the two orbitals being 
important. 
Where a transition is 'forbidden', the probability of that transition occurring is low, 
and correspondingly the intensity of the associated absorption band is also low. These 
two early empirical laws govern the absorpUon of light by molecules: 
Beer's Law relates the absorption to the concentration of absorbing solute and 
Lambert's Law relates the total absorption to the optical path length. 
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They are most conveniently used as the combined Beer-Lambert Law: 
Log (lo/I) = e.c.l or e = A / c.l 
Where, lo is the intensity of the incident light (or the intensity passing through a 
reference cell), 1 is the light transmitted through the sample solution. Log (lo/l) is the 
absorbance (A) of the solution (formerly called the optical density, OD), c is the 
concentration of solute (in mol l" or mol dm' ), I is the path length of the sample (in 
cm or m x 10'^ ) and G is the molar absorptivity. 
4. MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal complexes have been 
found to provide ample information in assigning their structure. The main 
contribution to bulk magnetic properties arises from magnetic moment resulting 
from the motion of electrons. It is possible to calculate the magnetic moments of 
known compounds from the measured values of magnetic susceptibility. 
There are several kinds of magnetism in substances viz., diamagnetism, 
paramagnetism and ferromagnetism or antiferromagnetism. Mostly compounds of the 
transition elements are paramagnetic. Daimagnetism is attributable to the closed shell 
electrons with an applied magnetic field. In the closed shell the electron spin moment 
and orbital moment of individual electrons balance one another so that there is 
no magnetic moment. Ferromagnetism and antiferromagnetism arise as a result of 
interaction between dipoles of neighboring atoms. 
If a substance is placed in a magnetic field H, the magnetic induction B with the 
substance is given by: 
B = H + 4;tI 
where I is the intensity of magnetization. The ratio B/H is called magnetic 
permeability of the material and is given by: 
B/H I + 4 n (I/H) = I + 4 ;r K 
where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the substance to 
the density of such line in the same region in the absence of sample. Thus the volume 
susceptibility of a vacuum is by definition zero since in vacuum B/H = 1. 
When a magnetic susceptibility is considered on the weight basis, the gram 
susceptibility (xg) is used instead of volume susceptibility. The ^eff value can then be 
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calculated from susceptibility multiplied by the molecular weight and corrected for 
diamaenetic value as: 
'&' 
M^jj. = 2A^l^r^.BM 
where. T is the absolute temperature at which the experiment is performed . The 
magnetic properties of any individual atom or ion will result from some 
combination of these two properties that is the inherent spin moment of the 
electron and the orbital moment resulting from the motion of the electron 
around the nucleus. The magnetic moments are usually expressed in Bohr 
Magnetons (BM). The magnetic moment of a single electron is given by: 
,= g^S(S+l)BM Ms 
where S is the spin quantum number and g is the gyromagnetic ratio. For Mn^ "^ , Fe^ "^  
and other ions whose ground states are S states there is no orbital angular momentum. 
In general, the transition metal ions in their ground state D or F being most common 
do possess orbital angular momentum. For ions such as Co^ '*" and Ni^ "^ , the magnetic 
moment is given by: 
Rs.L,= V4S(S+l) + L(L + l) 
in which L represents the orbital angular momentum quantum number for the 
ion. 
The spin magnetic moment is insensitive to the environment of the metal ion, 
the orbital magnetic moment is not. In order for an electron to have an orbital 
angular momentum and thereby an orbital magnetic moment with reference to 
a given axis, it must be possible to transform the orbital into a fully equivalent 
orbital by rotation about that axis. 
For octahedral complexes the orbital angular momentum is absent for Aig, Aag 
and E„ terms, but can be present for Tig and T2g terms. The magnetic moments 
of the complexes possessing T ground terms usually differ from the high spin 
\alue and vary with temperature. The magnetic moments of the complexes having a 
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''Ala ground state term are very close to the spin-only value and are independent of 
the temperature. 
For octahedral and tetrahedral complexes in which spin-orbit coupling causes a 
spilit in the ground state an orbital moment contribution is expected. E\en no 
spiliting in the ground state appears in cases having no orbital moment 
contribution, an interaction with higher states can appear due to spin-orbit 
coupling giving an orbital moment contribution. 
Practically the magnetic moment value of an unknown complex is obtained on Gouy 
Magnetic Balance. Faraday method can also be applied for the magnetic susceptibility 
measurements of small quantity of solid samples. The gram susceptibility is measured 
by the following formula: 
^ AW W^„ 
^' W ' AW^,/^'" 
Where y^ = Gram Susceptibility 
AW = Change in weight of unknown sample with magnet on and 
off 
W = Weight of the known sample 
A W'sij = Change in weight of standard sample with magnet on and 
off. 
Wsid = Weight of standard sample. 
Xsid = Gram susceptibility of the standard sample. 
5. MASS SPECTROMETRY 
In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The positive fragments which are produce 
(cations and radical cations) are accelerated in a vacuum through a magnetic field and 
are sorted based on the mass-to-charge ratio. Since the bulk of the ions produced in 
the mass spectrometer carry a unit positive charge, the value m/z is equivalent to the 
molecular weight of the fragment. The analysis of mass spectroscopy information 
involves the re-assembling of fragments, working backwards to generate the original 
molecule. A very low concentration of sample molecules is allowed to leak in to 
the ionization chamber (which is under a very high vacuum) where they are 
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bombarded by a high-energy electron beam. The molecules fragment and the 
positi\e ions produced are accelerated through a charged array into an analyzing 
tube. The path of the charged molecules is bent by an applied magnetic field. Ions 
having lov\ mass (low momentum) will be deflected most by this field and will 
collide with the walls of analyzer. Likewise, high momentum ions will not be 
detlected enough and will also collide with the analyzer wall. Ions having the proper 
mass-lo-charge ratio, however, will follow the path of analyzer, exit through the slit 
and collide with the collector. This generates an electric current, which is then 
amplified and detected. By varying the strength of magnefic field, the mass-to-
charge ratio which is analyzed can be continuously varied. 
The output of the mass spectrometer shows a plot of relafive intensity Vs the mass to 
charge ratio (m/z). The most intense peak in the spectrum is termed the base 
peak and all others are reported relative to it's intensity. The peaks themselves 
arc typically very sharp, and are often simply represented as vertical lines. 
The process of fragmentation follows simple and predictable chemical pathways 
and the ions, which are formed, will reflect the most stable cations and radicals 
cations, which that molecule can form. The highest molecular weight peak 
observed in a spectrum will typically represent the parent molecule, minus an 
electron, and is termed the molecular ion (M*). Generally, small peaks are also 
observed above the calculated molecular weight due to the natural isotopic abundance 
of '"'C, ~H, etc. Many molecules with especially labile protons do not display 
molecular ions; an example of this is alcohol, where the highest molecular 
weight peak occurs at m/e one less than the molecular ion (m-1). Fragments can 
be identified by their mass-to-charge ratio, but it is often more informative to 
identify them by the mass which has been loss. That is, loss of a methyl group 
will generate a peakatm-15; loss of an ethyle, m-29, etc. 
6. X-RAY POWDER DIFFRACTION (XRD) ANALYSIS 
X-ray powder diffraction (XRD) is a rapid analytical technique primarily used for 
phase identification of a crystalline material and can provide information on unit cell 
dimensions. The analyzed material is finely ground, homogenized, and average bulk 
composition is determined. Max von Laue, in 1912, discovered that crystalline 
substances act as three-dimensional diffraction gratings for X-ray wavelengths similar 
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to the spacing of planes in a crystal lattice. X-ray diffraction is now a common 
technique for the study of crystal structures and atomic spacing. 
X-ray diffraction is based on constructive interference of monochromatic X-rays and 
a crystalline sample. These X-rays are generated by a cathode ray tube, filtered to 
produce monochromatic radiation, coUimated to concentrate, and directed toward the 
sample. The interaction of the incident rays with the sample produces constructive 
interference (and a diffracted ray) when conditions satisfy Bragg's Law {n\=2d sin 0). 
This law relates the wavelength of electromagnetic radiation to the diffraction angle 
and the lattice spacing in a crystalline sample. These diffracted X-rays are then 
detected, processed and counted. By scanning the sample through a range of 29angles, 
all possible diffraction directions of the lattice should be attained due to the random 
orientation of the powdered material. Conversion of the diffraction peaks to d-
spacings allows identification of the mineral because each mineral has a set of unique 
d-spacings. Typically, this is achieved by comparison of d-spacings with standard 
reference patterns. 
All diffraction methods are based on generation of X-rays in an X-ray tube. These X-
rays are directed at the sample, and the diffracted rays are collected. A key component 
of all diffraction is the angle between the incident and diffracted rays. Powder and 
single crystal diffraction vary in instrumentation beyond this. X-ray diffractometers 
consist of three basic elements: an X-ray tube, a sample holder, and an X-ray 
detector. 
The geometry of an X-ray diffractometer is such that the sample rotates in the path of 
the collimated X-ray beam at an angle 0 while the X-ray detector is mounted on an 
arm to collect the diffracted X-rays and rotates at an angle of 20. The instrument used 
to maintain the angle and rotate the sample is termed a goniometer. For typical 
powder patterns, data is collected at 20from -5° to 80°, angles that are preset in the X-
ray scan. 
X-ray powder diffraction is most widely used for the identification of unknown 
crystalline materials (e.g. minerals, inorganic compounds). Determination of unknown 
solids is critical to studies in geology, environmental science, material science, 
engineering and biology. Other applications include: 
• characterization of crystalline materials 
<• identification of fine-grained minerals such as clays and mixed layer clays that 
are difficult to determine optically 
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•> determination of unit cell dimensions 
<• measurement of sample purity 
K* With specialized techniques, XRD can be used to: 
*> determine crystal structures using Rietveld refinement 
<• determine of modal amounts of minerals (quantitative analysis) 
•> characterize thin films samples by: determining lattice mismatch between film 
and substrate and to inferring stress and strain 
<• determining dislocation density and quality of the film by rocking curve 
measurements 
*•• measuring superlattices in multilayered epitaxial structures 
*> determining the thickness, roughness and density of the film using glancing 
incidence X-ray reflectivity measurements 
<• make textural measurements, such as the orientation of grains, in a 
polycrystalline sample 
7. CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by: 
R = p [1/A] 
w here 1 is the length of a sample of electrolyte and A is the cross secfional area. The 
s\ mbol p is the proportionality constant and is a property of a solution. This property 
is called resistivity or specific resistance. The reciprocal of resistivity is called 
conductivity, K 
K = 1/p 1/RA 
Since 1 is in cm, A is in cm^ and R in ohms (Q), the units of K are Q"'cm'' or S cm'' 
(Siemens per cm). 
Molar Conductivity 
If the conductivity K is in Q"' cm'' and the concentration C is in mol cm' , then the 
molar conductivity A is in Q'' cm^ mol'' and is define by: 
A = K / C 
where C is the concentration of solute in mol cm" 
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Conventionally solutions of 10"^  M concentration are used for the conductance 
measurements. Molar conductance values of different types of electrolytes in a few 
solvents given below: 
A 1:1 electrolyte may have a value of 65-90 Q"' cm^ mof' in nitromethane, 20-55 
Q ' cnr mof' in dimethyl formamide and 90-150 Q.'^ cm^ mol"' in methyl cyanide. 
Similarly a solution of 2:1 electrolyte may have a value of 130-160 Q' cm mol" m 
nitromethane, 110-155 Q'' cm^ mof' in dimethyl formamide and 120-200 Q'' cm^-
mol"' in methyl cyanide [74]. 
8. ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric composition of the 
ligand as well as its metal complexes. Carbon, Hydrogen, Nitrogen and Sulfur 
analysis were carried out on a Perkin Elmer-2400 analyzer from Central Drug 
Institute, Lucknow, India. Sulfur and chlorine were analyzed by conventional method 
[75] where a known amount of the sample was decomposed in a platinum crucible 
and dissolved in water with a little concentrated nitric acid. The solution was then 
treated with silver nitrate solution. The precipitate was then dried and weighed. For 
the metal estimation [76], a known amount of complex was decomposed with a 
mixture of nitric, percholric and sulphuric acids in a beaker. It was then dissolved in 
water and made up to known volume so as to titrate it with standard EDTA. 
9. TGA/DTA ANALYSIS 
The technique of thermal analysis actually comprises of a series of methods, which 
detect the changes in the physical and mechanical properties of the given substance by 
the application of heat or thermal energy. The physical properties include mass, 
temperature, enthalpy, dimension, dynamic characteristics, etc. It finds its application 
in finding the purity, integrity, crystallinity and thermal stability of the chemical 
substances under study. It is also used in the determination of the composition of the 
complexes. The following are the methods which have been used: 
Thermogravimetric Analysis (TGA) 
In the thermogravimetric analysis the mass of a complex in a controlled atmosphere is 
measured as its temperature is raised. When thermal dissociation occurs, the weight of 
any volatile ligand expelled is measures and the empirical formula of the product may 
usually be deduced. A plot of mass or mass percent as a function of time is called a 
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Ihermogram. or thermal decomposition curve [77, 78]. In all the cases the sample 
were studied in the temperature range of 20-700''C. 
Uifferential Thermal Analysis (DTA) 
D I A measures the difference in temperature between the complex and a reference 
material as a function of temperature. It provides vital information of the complexes 
regarding their endothermic and exothermic behavior at high temperatures [79]. This 
differential temperature is then plotted against time, or temperature is called DTA 
curve or thermogram. The complexes were studied room temperature to 800°C. 
28 
3. PRESENT WORK 
3(a). ABSTRACT OF THE WORK DONE 
An effective series of 18 membered octaazamacrocyclic complexes of the type 
IMLX2]. where X= CI or NO3 have been synthesized by template condensation 
reaction of oxalyl dihydrazide with dibenzoylmethane and metal salt in 2:2:1 molar 
ratio. The formation of macrocyclic framework, stereochemistry and their overall 
geometry have been characterized by various physico-chemical studies viz., elemental 
analysis, electron spray ionization- mass spectrometry (ESI-MS), I.R, UV-Vis, H-
NMR, '^C-NMR spectroscopy. X-ray diffraction (XRD) and TGA/DTA studies. 
These studies suggest formation of octahedral macrocyclic complexes of Co(ll), 
Ni(II), Cd(II) and Sn(II). The molar conductance values suggest non electrolytic 
nature for all the complexes. Thermogravimatric analysis shows that all the 
complexes are stable up to 500°C. All these complexes have been tested against 
different human cancer cell lines i.e. human hepatocellular carcinoma (Hep3B), 
human cervical carcinoma (HeLa), human breast adenocarcinoma (MCF7) and 
normal cells (PBMC). The newly synthesized 18-membered octaazamacrocyclic 
complexes during in-vitro anticancer evaluation, displayed moderate to good 
cytotoxicity on liver (Hep3B), cervical (HeLa) and breast (MCF7) cancer cell lines, 
respectively. The most effective anticancer cadmium complex (C34H28NioCdOio) was 
found to be active with IC50 values, 2.44±1.500, 3.55±1.600 and 4.82±1.400 in micro-
molar on liver, cervical and breast cancer cell lines, respectively. 
3(b). INTRODUCTION 
The family of complexes with aza macrocyclic ligands has remained a focus of 
scientific attention for many decades [80]. Schiff base metal complexes have been 
widely studied because they have industrial, antifungal, antibacterial, anticancer and 
herbicidal applications [81]. A number of macrocyclic complexes with tetra aza 
macrocyclic ligands, such as cyclen, cyclam and bicyclam have been reported to 
exhibit antitumor activity [82]. The design and synthesis of the macrocyclic 
complexes of oxalyl dihydrazide have been a field of interest because of their 
applications as anticancer, antiviral, antibacterial and anfifungal agents [83-85]. 
Extensive research work has been carried out on platinum-based chemotherapeutic 
compounds [86, 87]. Despite of their remarkable success with high efficiency against 
human testicular, ovarian, bladder, head and nech carcinomas, several side effect such 
as limited water solubility and the dose-dependent toxicities, mainly nephrotoxicity, 
cytotoxicity and emetogenesis are the major drawbacks associated with these drugs 
[87-89]. Moreover, the importance of aza-macocyclic transition metal complexes is 
due to the role they play as models for protein metal binding sites in biological 
systems, as synthetic ionophores [90], electrocatalyst in fuel cells [91], M.R.I contrast 
agents [92. 93]. luminescent sensors [94], anticancer drugs [95] and 
radioimmunotherapeutic agents [96]. These extensive applications have been worth 
investigating for the design of new macrocyclic ligands and their metal complexes for 
biological and industrial applications [97]. Coordination compounds containing 
macrocyclic ligands have been studies in recent decades owing to their wide 
applications in biological and sensor field. The first non-platinum complex tested in 
clinical trials was cis-[(CH3CH20)2(bzac)2Ti(VI)] used against a wide variety of 
ascites and solid tumors [98, 99]. One of the potential approaches in anticancer 
chemistry is focused on the design of new macrocyclic metal complexes with 
different substituent and labile sites which may increase their cytotoxicity, especially 
to cancer cells. In this context, a wide range of macrocyclic metal complexes has been 
s)nthesized and their in-vitro anticancer activity has been tested against different 
cancerous cell lines along with normal cells. Recently Pd(II) complexes have been 
derived from a salen ligand and tested against a human hepatoma cancer cell line 
[100]. The organotin compounds exhibit a broad spectrum of biological activity which 
includes organotin derivitives having bactericidal, fungicidal, antitumor and acricidal 
activity [101]. All the above fact inspired to initiate the work on macrocyclic 
complexes. In this respect in the present work we wish to report the synthesis and 
characterization of octaazamacrocyclic complexes of Co(II), Ni(II), Cd(II), and Sn(II) 
derived from oxalyl dihydrazide and dibenzoylmethane which were also studied for 
their in-vitro anticancer activity.The evaluation of in-vitro anticancer activity of these 
complexes was carried out against different human cancer cell lines (Hep3B, HeLa 
and MCF7) by using MTT assay [102]. 
3(c). EXPERIMENTAL 
Materials and Methods 
The metal salts C0X2.6H2O, NiX2.6H20, Cd(N03)2.4H20 and SnCl2.2H20 (X = CI or 
NO3). dibenzoylmethane (all E.Merck chemicals) and oxalyl dihydrazide (Acros 
organics) were used as such. All the reactions were carried out under strictly 
anhydrous condition. 
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Preparation of dichloro/nitrato (7,9,16,18-tetraphenyl-3,4,12,13-tetraoxa- 1,2,5,6, 
10, 11, 14, 15-octaazacyclooctadecane-6, 9, 15, 18-tetraene) metal(II) complexs, 
IMLX2I (M = Co", Ni", Cd" and Sn"; X = CI or NO3) 
All the complexes were synthesized by template condensation method. The 
condensation of oxalyl dihydrazide and dibenzoylmethane in the presence of the 
respective divalent metal saU i.e. C0X2.6H2O, NiX2.6H20, Cd(N03)2.4H20 or 
SnCl2.2H20 (X = CI or NO3) in methanol takes place easily. It was carried out by 
stirring a hot methanolic solution (50 ml) of oxalyl dihydrazide (1.181 gm, 10 
m.mols) with the divalent metal salt of cobalt, nickel, cadmium or tin (5 m.mols) 
dissolved in minimum quantity of methanol (-20 ml). The content of reaction mixture 
was boiled under reflux for 0.5 h. after that dibenzoylmethane (2.25 gm, 10 m. mols) 
in 20 ml methanol was added in the refluxing mixture and refluxing was continued for 
8-10 h. Now the mixture was concentrated to half of its volume and kept in desiccator 
for -16 h. The solid product thus produced was filtered washed several times with 
methanol and then with acetone and dried in vacuo (yield -65-70%). All the 
complexes are soluble in DMF (Dimethylformamide), DMSO (Dimethyl sulfoxide) 
and CHCI3 (Chloroform) but are insoluble in common organic solvents and water. 
MIX assay 
The MTT assay is a colorimetric assay for measuring the cellular growth that reduces 
the tetrazolium yellow dye, MTT, to its insoluble formazan (purple color) by 
mitochondrial dehydrogenases of living cells. MTT is used to determine the cytoxicity 
of potential drugs and other toxic compounds [102, 103]. The insoluble purple 
formazan product is dissolved into a colored solution by the addition of a suitable 
solvent. At certain wavelength, the absorbance of this colored solution can be 
measured. The potency of the drug in causing cell death can be concluded through the 
production of dose-response curves when the amount of purple formazan produced by 
untreated control cells. The Hep3B cell line was maintained in RPMI 1640 culture 
medium supplemented with 10% heat-inactivated fetal calf serum. The cells were 
plated at a density of 5 x 10^  cells per well in a 96-well plate and cultured for 24 
hours at 37°C. Stock solutions of the synthesized steroids were prepared in a 1:1 
mixture of DMSO and THF. The cells were subsequently exposed to drugs. The 
plates were incubated for 48 hours, and cell proliferation was measured by adding 20 
|iL of MTT dye (5 mg/mL in phosphate-buffered saline) per well. The plates were 
incubated for a further 4 hours at 37°C in a humidified chamber containing 5% CO2. 
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Foimazan crystals formed due to reduction of dye by viable cells in each well were 
dissolved in 150 |iL dimethyl sulfoxide and absorbance was read at 570 nm. The 
absorption values were expressed as the percent cell viability, according to the control 
group as 100%. 
For the other cell lines i.e. HeLa and MCF7, all the procedure are the same as 
described above for Hep3B cell lines. Doxorubicin (Doxo) and 5-Fluorouracil (5-Fu) 
w ere used as cytotoxic drugs of reference. 
Measurements 
The elemental analyses for carbon, hydrogen and nitrogen were obtained from the 
Central Drug Research Institute (Lucknow, India). The ' H - N M R was recorded on a 
JEOL GSX 300 MHz FX-1000 spectrometer using DMS0-d6 as a solvent and 
tetramethylsilane (Me4Si) as an internal standard. The IR spectra (4000-400 cm"') 
were recorded as KBr discs on the Perkin Elmer - 2400 spectrometer. Metal and 
chloride ions were determined volumetrically [104] and gravimetrically [105], 
respectively. The electronic spectra of the compounds in DMSO were recorded on a 
Pye-Unicam 8800 spectrophotometer at room temperature. The electrical 
conductivities were obtained with a systronics type 302 conductivity bridge 
equilibrated at 25 ± 0.01"C using lO'^ M DMSO solution at room temperature. The 
TGA and DTA were performed on a Schimadzu Thermal Analyzer under nitrogen 
atmosphere using alumina powder as reference. The XRD pattern and different 
parameters were collected with a Rigaku, Mini Flex II powder diffractometer using 
X-ray radiation. Peripheral Blood Mononuclear Cell (PBMC) isolation was done by 
fresh blood (10-15 mL) which was kindly provided by Blood bank of Jawaharlal 
Nehru Medical College, A.M.U, Aligarh (India). The blood sample was diluted with 
the same volume of phosphate buffered saline (PBS). The diluted blood sample was 
carefully layered on FicoU-Histopaque (Sigma Aldrich, USA). The mixture was 
centrifuged under at 900xg for 10 min at 20-22'^C. The undisturbed lymphocyte layer 
was carefully transferred out. The lymphocyte was washed and pelleted down with 
three volumes of PBS for twice and resuspended RPMI-1640 media (Sigma 
Aldrich,USA) with 10% antibiotic and antimycotic solution (Sigma Aldrich, USA) 
and v/v fetal calf serum (FCS) (Sigma Aldrich, USA). Cell counting was performed to 
determine the PBMC cell number with equal volume of trypan blue [106]. The Hep3B 
(Human Hepatocellular carcinoma), MCF7 (Human breast adenocarcinoma) and Hela 
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(Human cervical carcinoma) cell lines are procured from Cell Repository-National 
Centre for Cell Science, Pune (India). 
3(d). RESULTS AND DISCUSSION 
A new series of octaazamacrocyclic Schiff base complexes [MLX2] (M = Co(II), 
Ni(II), Cd(II) and Sn(ll); X = CI or NO3) have been prepared by the template reaction 
of respective metal ions, with oxalyl dihydrazide and dibenzoylmethane in a 1:2:2 
molar ratio as shown in scheme 1. All the complexes were stable in atmosphere and 
soluble in DMF (Dimethylformamide) and DMSO (Dimethyl sulfoxide). The molar 
conductance (18-22 ohm"' cm^ mof') of the complexes measured in DMSO at room 
temperature (Table 1) indicate their non-electrolytic nature. The formation of 
complexes was ascertained on the basis of resuUs of elemental analyses and 
electrospray ionization (ESI) mass spectra (Table 1). The analytical data suggest that 
the proposed macrocyclic complexes have 1:1 metal to ligand stoichiometry. Mass 
spectra of Co(II), Ni(II), Cd(II) and Sn(II) complexes showed m/z peaks at 742.40. 
795.31, 741.95, 795.10, 849.10 and 802.30 that corresponded to C34H28N8O4C0CI2, 
C:,4H28NioCoOio, C34H28Ng04NiCl2, C34H28NioNiOio, C34H28NioCdOio and 
C34H2sN804SnCl2 moieties, respectively. The proposed molecular formulae of 
synthesized complexes was confirmed by comparing their molecular formula weights 
with respective m/z values (Table 1) that are in good agreement for aforementioned 
complexes. 
Infrared Spectra 
In all the complexes the presence of a single band in the region 3185-3285 cm"' may 
be assigned to v(N-H) stretching [107-110]. It was observed that a pair of bands 
corresponding to v(NH2) at 3300 and 3310 cm"' which were present in the i.r. 
spectrum of oxalyl dihydrazide were absent in the i.r. spectra of all the complexes. 
The disappearance of these bands and appearance of absorption bands near 1605-1642 
cm" which are assinable to imine v(C=N) stretching vibration is consistent [111] with 
the macrocyclic structure given in Scheme 1. The value of v(C=N) is lower than that 
usually found for azomethine linkage which may be explained on the basis of drift of 
lone pair density of azomethine nitrogen towards the metal atom [112, 113] indicating 
the involvement of the n electrons throughout the macrocyclic framework [107]. This 
fact confirm that coordination takes place through nitrogen of C=N groups. The bands 
present in the region -3000-3183 cm"' may be assigned to v(C-H) stretching [107]. 
The strong band present in the region 1660-1685 cm"' may be assigned to the C=0 
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group of the CO-NH moiety assigned to v(C-N) stretching [114]. The far i.r. spectra 
show bands in the region -410-460 cm"' corresponding to v(M-N) vibrations [115, 
116]. The presence of bands in all the complexes in the region 418-460 cm"' originate 
from v(M-N) azomethine vibrational modes and give idea about coordination of 
azomethine nitrogen [117]. However, no bands characteristics free amine were 
observed which strongly suports the proposed structure of all these complexes (Table 
3). 
H and ' C-NMR spectroscopic analyses 
The ' H - N M R as well as '^C-NMR spectra of tin complex [SnLCb] fully suggest the 
structure of complexes as given in the Scheme 1. The ' H - N M R spectrum (Figure 3) 
in DMSO-d '^ shows broad signal at 7.231-7.472 ppm range due to amide (-CONH) 
protons [114, 118, 119]. The multiplet in the region 6.692-6.984 ppm may be assigned 
to aromatic protons [120, 121]. A singlet observed at 3.5745 ppm is assigned to 
methylene protons of [N=C(Ph)-CH2-(Ph)C=N] moiety. The '^C-NMR spectrum of 
tin complex was also recorded in DMSO-d^ The signals observed in the region 
124.38-136.60 ppm have been assigned to aromatic carbon attached to nitrogen 
atoms. Carbon atoms which have a distance from nitrogen atoms show upfield shift. 
A signal observed at 173.264 ppm may be assigned to carbonyl (>C=0) carbon. 
Similarly a band appeared in the region 125.356-126.027 ppm due to carbon of two 
methylene group in the complex as shown in Figure 4. 
UV-Vis studies 
The UV-Vis absorption spectra of Co(II) and Ni(II) complexes were recorded in the 
8.300-30,000 cm"' range in dimethyl sulfoxide solution (lO"'' M). The UV-Vis spectra 
of cobalt (11) complexes shows absorption in the region ca. 8,300-9,200 cm'' (vi), 
12.600-15.800 cm"' (v,) and 18,800-20,650 cm"' (V3), respectively. These values 
resemble to the reported octahedral complexes [122, 123]. The various bands are 
assignable to: 'T2g(F) ^ ^T,g, (v,), %g(F) ^ "Tig, (V2) and 'T,g (P) ^ 'T,g, (V3) 
transitions, respectively. These transitions suggest that the symmetry of these 
complexes is not ideal octahedral i.e. D4h. The electronic spectra of Ni(II) complexes 
exhibit a well discernable band on the low energy side and the other bands are 
observed in the region ca. 16,600-17,300 cm''(v2) and 26,900-28,000 cm"'(v3), which 
are assigned to ^T|g(F) ^ A^2g (V2), and ^Tig(P) <- ^ A2g , (V3), respectively. The low 
energy band (vi), splits into two bands in the range -9,500-10,000 and 11,500-12,500 
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cm'', which can be assigned to E^g <-'^ Big and B^ag <- B^ig_ assuming the effective 
symmetry to be D4h. The spectral resuhs are consistent with distorted octahedral 
nature of these complexes [123, 124]. 
X-ray Diffraction analysis 
The [SnLCb] complex was characterized by X-ray diffraction. The X-ray powder 
differaction (XRD) was used to determine the type of structure ordering of 18-
membered octaazamacrocyclic complex. The XRD pattern of the tin complex 
recorded from crystalline powdered sample exhibited some sharp peaks in the 
spectrum (Figure 5), correlated to the crystalline behavior of the [SnLCh] complex. 
Other parameters calculated from Figure 3, which are tabulated in Table 4. Thus on 
the basis of above evidences the structures for tin (II) can be assigned complex as 
shown in Scheme 1. 
Elemental analysis 
The compositions of [CoLCb], [CoL(N03)2], [NiLCb], [NiL(N03)2], [CdL(N03)2], 
and [SnLCh]. were determined by elemental analyses and the values are given in 
Table I. The theoretical percentages of the elements were also calculated and are 
given in Table 1, which clearly indicate a good agreement with those of the 
experimental values. On the basis of the data of elemental analyses the molecular 
formulae of all six above complexes were determined as C34H28N8O4 C0CI2, 
C34H28NioCoO,o, C34H28N8O4 NiCb, C34H28N,oNiOio, C34H28N,oCdO,o, and 
C34H28N8O4 SnCl2, respectively. These results confirmed that complex formation had 
occurred in a 1:1 ratio of ligand and cobalt, nickel, cadmium, and tin metal ions. 
Molar conductance measurements 
Conductivity measurements were carried out in 10"^ M solution in DMSO at 25"C. 
The room temperature molar conductivity values of all the complexes are given in 
Table L The molar conductance values are in the range 18-22 Ohm"' cm^ mol'' 
corresponding to the non electrolytes nature for all the macrocyclic complexes. 
Thermal analysis 
Thermal stabilities of all the metal complexes were studied by thermogravimetric 
analyses (TGA and DTA) in N2 atmosphere at a heating rate of 20°C min~' in the 
temperature range 20-700°C. The thermal analyses show that these compounds 
undergo three steps of weight loss (Figure 2). There are two strong endothermic peaks 
in the DTA curve of these complexes, the first is the melting point of the complexes 
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and the second coiTcsponds to decomposition of the complexes. The TG studies of 
[C0LCI2]. [CoL(N03)2], [NiLCb], [NiL(N03)2], [CdL(N03)2] and [SnLCb] 
complexes showed no weight loss upto 140°C indicating the absence of coordinated 
water molecules in all these macrocyclic complexes. 
Cytotoxic potential of inhouse synthesized macrocyclic complexes 
The cytotoxic potential of the inhouse synthesized macrocyclic complexes against 
Hep3B. HeLa and MCF7 cell lines was assessed by determining the number of viable 
cells surviving after incubation with the macrocyclic complexes for the stipulated 
time period using the MTT method as given in the experimental section. The 
cytotoxicity assay suggests a variable cytotoxicity of inhouse synthesized complexes 
for Hep3B, HeLa as well as MCF7 cell lines which can be attributed to the intrinsic 
anticancer property of these macrocyclic complexes. Curves of dose-dependent 
effects of all the complexes on cell viability of different human cancer cell lines 
(Hep3B, MCF7 and HeLa) and normal cells (PBMC) are displayed in Figure l(a-J). 
Experiments revealed that there was substantial increase in cytoxicity in the cell lines 
w ith increasing exposure to drug concentration. The absorption values were expressed 
as the cell viability in percent, according to the control group as 100%. Assays were 
performed in triplicate on three independent experiments. The concentration required 
for 50% inhibition of cell viability (IC50) was calculated using the software "Prism 
3.0". For each of the tested complexes IC50 was calculated and the results are 
summarized in Table 2. The obtained results were revealed that compounds 
C34H28N.SO4C0CI2. C34H28N,oCoO|o, C34H28N804NiCl2, C34H28N,oNiOio, 
C34H28N|oCdO|o and C34H28Ng04SnCl2 showed remarkable inhibitory activities 
against different human cancer cell lines. It is apparent from the IC50 values that all 
the tested complexes show moderate to good cytoxicity against different human 
cancer cell lines. The cobalt complex, [C0LCI2], led to remarkable increase in potency 
against human hepatocellular carcinoma (Hep3B) cells with IC50 values of 3.90±0.700 
\iU, 5.12±2.540 ^M (against MCF7 cell lines) and 7.36 ±2.060 nM (against HeLa 
cell lines). The another complex of cobalt, [CoL(N03)2], is more effective against 
human cervical carcinoma (HeLa) cells with IC50 values of 3.95±0.162 |iM. The 
complexes [NiLCL] and [NiL(N03)2] are more effective against breast cancer 
(MCF7) cells with IC50 values of 4.46±1.200 ^M and 3.56±2.400 ^M respectively. 
Among all these complexes the cadmium complex, [CdL(N03)2], exhibits very good 
cytotoxicity against all cancerous cells with IC50 values of 2.44±1.500 |iM against 
36 
Hep3B cell lines, 3.55±1.600 |aM against HeLa cell lines and 4.82±1.400 |iM against 
MCF7 cell lines, respectively. Present study showed that among the three human 
cancer cell lines tested, HeLa cell lines were found to be sensitive to most of the 
tested compounds while Hep3B and MCF7 cell lines were found to be sensitive to 
some selected compounds. Moreover, cadmium complex is relatively more sensitive 
for all the tested cancer cell lines. 
3(e). CONCLUSION 
In the present study an effective series of dichloro/nitrato (7,9,16,18-tetraphenyl-
3.4.12,13 -letraoxa-1,2,5,6,10,11,14,15-octaazacyclooctadecane-6,9,15,18-tetraene) 
metal (II) complexes of cobalt, nickel, copper, cadmium and tin was derived from 
oxalyl dihydrazide and dibenzoylmethane and studied for their biological evaluation 
of cytotoxic activity. The results of cytotoxic study by MTT assay revealed that all the 
macrocyclic complexes (1 to 6) showed a considerable broad spectrum of anticancer 
activity against the three tested human cancer cell lines. In particular the cadmium 
complex, (C34H28NioCdOio), was the most proficient cytotoxic agent with IC50 values 
below 5.00 |iM in all the three tested human cancer cell lines i.e.Hep3B, HeLa and 
MCF7. On the basis of these observations, it could be the topic of further 
investigations for searching potential anticancer metal based complexes. Ultimately, it 
is comprehensible that further development of macrocyclic complexes of different 
metals can serve as new templates for antitumor chemotherapy and could probably be 
lead to more active complexes in the area of cancer chemotherapy. 
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Figure l(a-J). Effect of synthesized macrocylic complexes of cobalt, nickel, cadmium 
and tin shown in the Figure a-f, respectively against different human cancer cell lines 
(Hep3B, HeLa and MCF7) and normal cells (PBMC) of different concentration in 
micro-molar, prepared in 1:1 mixture of DMSO and THF. The cells were plated at a 
density of 5 x 10^  cells per well in a 96-well plate, and cultured for 24 hours at 37°C. 
The plates were incubated for 48 hours, and cell proliferation was measured by adding 
20 jiL of MTT dye (5 mg/mL in phosphate-buffered saline) per well. The plates were 
incubated for a further 4 hours at 37°C in a humidified chamber containing 5% CO2. 
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